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We dedicate this book to our families, whose 
love and support have been our constant 
source of strength and inspiration throughout 
the entire editing process. 

James and Reg



Foreword 

Over millennia, people have learned both overt behaviors and more subtle cues to 
communicate to one another. Anthropological motivations abound, from the need to 
survive, to protect one’s community, and to secure and exploit resources. Along the 
evolutionary path, people had to interact with others. Even before the emergence of 
languages, humans had to sense, read, and assign meaning, mostly instantaneously, 
to observed and perceived facial expressions, body gestures, and actions. Whatever 
physiological processes were responsible for these abilities, they are now embedded 
in our genetic makeup and allow children to acquire, learn, and ascribe meaning to 
social environments. 

Over the past century or so, first psychologists, and then computer scientists, 
began quantitative studies and experiments to try to understand how socially 
communicative behaviors arose. Fundamental questions about human perception 
and how sensory systems might be “wired” dominated pre-computational studies. 
When computers, visual sensors, and displays emerged to support scientific endeav-
ors, new foci arose on linking synthetic perception, algorithmic models of social 
phenomena, and generalized mechano-robotic and graphical generation of social 
signals. In other words, the era of synthesized virtual humans began. 

I was extremely fortunate to be able to participate in and contribute to this 
new field from my PhD thesis at the University of Toronto in 1974 up to the 
present. By 1990, there were several robust research communities interested in 
human perception, robotics, computer vision, and computer graphics. David Zeltzer 
of MIT, Brian Barsky of the University of California at Berkeley, and myself 
from the University of Pennsylvania, organized a “Workshop on the Mechanics, 
Control and Animation of Articulated Figures” held at the MIT Media Lab in April 
1989. We invited participants from multiple perspectives to share their thoughts on 
humans and their virtual or robotic embodiments. This successful cross-disciplinary 
meeting led to the first book in 1990—Making Them Move: Mechanics, Control 
and Animation of Articulated Figures—to encompass these disparate but ultimately 
deeply connected viewpoints. 

This volume on Modeling Visual Aesthetics, Emotion, and Artistic Style, thought-
fully curated by James Z. Wang and Reginald B. Adams, Jr., is a perfect bookend
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viii Foreword

to that earlier Making Them Move collection. Human behavior observation has 
been dramatically enabled by low-cost, high-resolution image acquisition hardware 
feeding real-time computer vision motion analysis systems. Computer virtual 
human simulation and computer graphics have evolved to the point where non-
real-time movie actors, characters, and monsters are produced with efficiency and 
regularity by the movie and game industry, while real-time human agents are now 
taking on public roles as announcers, influencers, and assistants. Their ubiquity 
has fostered artistic interest and study of the human aesthetic. Driving the range 
of contemporary applications are new tools from the Artificial Intelligence and 
Machine Learning research communities. We could perhaps only dream about these 
in 1990. They are the new foundation for human perception and simulation research. 

With modern computational tools and decades of computer graphics simulations 
to build on, additional fascinating aspects of human communication can be studied, 
modeled, and reproduced. Human emotions, and their companion attributes of mood 
and personality expressed by face and gesture, have long been of interest to multiple 
research communities, including the social sciences as well as the computational 
ones. This volume addresses emotional displays and understanding, including novel 
dimensions such as threats, which are of clear evolutionary value. As its title aptly 
describes, this volume also includes new considerations of aesthetics and artistic 
style. Critical questions of bias and sexual discrimination must be addressed as 
learning systems depend on datasets that might, inadvertently or naively, perpetuate 
stereotypes, cultural misconceptions, or prejudices. The maturity of the underlying 
computational foundations now admits these humanistic questions. A number of 
works in this volume explore this space of unique human characteristics. 

James and Reg have assembled an outstanding collection of current approaches 
to modeling novel human dimensions. It will be a classic of interdisciplinary 
computational studies. Enjoy! 

Haverford, PA, USA Norman I. Badler 
June 2023



Preface 

Visual aesthetics, emotional expression, and artistic style are essential components 
of human perception and experience, and their significance has only grown with the 
increasing prevalence of digital media and technologies. The ability to computa-
tionally model and analyze these complex concepts has been a longstanding goal in 
the fields of computer vision, affective computing, and robotics. This timely book 
represents the collective efforts of active researchers from a diverse set of fields, 
including computer vision, robotics, psychology, graphics, data mining, machine 
learning, movement analysis, and art history, who have come together to address 
these challenging and critical research questions. As our world becomes more inter-
connected and reliant on digital platforms and artificial intelligence, understanding 
and effectively utilizing these aspects of human experience has become increasingly 
important, making this book a vital resource for both researchers and practitioners 
alike. 

The chapters of this book cover a wide range of topics related to the compu-
tational modeling of aesthetics, emotion, and artistic style. The first part provides 
background knowledge related to emotion models and machine learning. The 
next two parts explore social visual perception in humans and its application to 
computer vision. Specifically, Part II lays the groundwork by discussing the basic 
psychological and neurological underpinnings of social and emotional perception 
from faces and bodies. Part III extends this understanding into the realm of 
technology, demonstrating methods to train computer systems to detect discrete and 
micro-momentary emotional expressions from facial and body cues, question the 
notion of facial neutrality, and broaden the scope of research to include children as 
well as adults in the context of emotion perception. Part IV focuses on the dynamic 
intersection of art and technology, shedding light on the language of photography, 
the interplay between breath-driven robotic performances and human dance, and 
the application of machine learning in the contextual analysis of artistic style. 
The remaining three parts dive deeper into the computational modeling of visual 
aesthetics, emotion, and artistic style. 

One of the unique features of this book is its multidisciplinary approach, bringing 
together contributions from various domains, such as computer science, psychology,
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x Preface

art history, and cognitive science. This interdisciplinary approach fosters a more 
holistic understanding of the subject matter and encourages cross-disciplinary 
collaboration, leading to novel insights and advancements in the field. 

The versatile nature of the book format has enabled us to encompass an 
array of contribution types. These include comprehensive tutorials and reviews 
of theoretical frameworks and computational methodologies, extensive literature 
surveys, novel methodological approaches, in-depth case studies, insightful opinion 
pieces, rigorous empirical investigations, and comparative analyses. 

Another feature of this book is its focus on cutting-edge research. The methods 
and information presented in this book represent the latest developments in the field 
and have the potential to significantly advance the field. The comprehensive and in-
depth treatment of topics offered by book chapters provides a richer understanding 
of the subject for readers, which can be especially beneficial for those new to a new 
interdisciplinary field or those looking to expand their knowledge. 

Finally, the impact of the results presented in the book can be far-reaching. 
The ability to computationally model aesthetics, emotion, and artistic style has the 
potential to enable many computer and robotic applications that can benefit millions 
of people around the world. From children needing care to the elderly needing 
assistance, from amateur photographers to people working alongside robots, the 
impact of this work is broad. 

We trust that this book will serve as a valuable resource for researchers, 
practitioners, educators, and students who are interested in advancing the field. 
The cross-disciplinary nature of the book increases the chances of a wider audience 
accessing the research, leading to broader dissemination and long-term recognition 
of the presented findings. We hope that this book will inspire further research, foster 
interdisciplinary collaboration, and contribute to the advancement of computational 
modeling of visual aesthetics, emotion, and artistic style. 

State College, PA, USA James Z. Wang 
June 2023 Reginald B. Adams, Jr.
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Part I 
Foundations of Emotion Modeling and 

Machine Learning 

Because this book is multidisciplinary in nature, this part will provide essential 
knowledge on emotion models and machine learning fundamentals. 

Chapter 1, “Models of Human Emotion and Artificial Emotional Intelligence,” 
aims to bridge the gap between emotion models used in psychology and their 
application in affective computing tasks. It surveys existing emotion models in 
psychology, highlighting their strengths and weaknesses for computational tasks 
involving human emotion. 

Chapter 2, “A Concise Introduction to Machine Learning,” offers a fundamental 
understanding of machine learning techniques relevant to the theme of the book. 
This chapter serves as a starting point for readers with limited or no relevant exper-
tise. It introduces learning algorithms, basic concepts, and fundamental principles 
in machine learning systems. 

These chapters serve as a valuable foundation for readers interested in emotion 
modeling and the application of machine learning in aesthetics, emotion, and artistic 
style. By familiarizing themselves with emotion models and understanding the 
basics of machine learning, readers can better comprehend and engage with recent 
research in these areas presented in the rest of the book and beyond.



Chapter 1 
Models of Human Emotion and Artificial 
Emotional Intelligence 

Benjamin Wortman 

Abstract This chapter bridges the gap between emotion models popular in psy-
chology and their use in affective computing tasks. Emotion modeling has a long and 
varied history with several competing schools of thought. Here, through a survey 
of existing literature, we cover existing emotion models popular in psychology, 
highlighting the strengths and weaknesses of these different approaches in regard 
to computational tasks involving human emotion. 

1.1 Introduction 

As an interdisciplinary field, affective computing sits at the corner of psychology 
and computing. This field has seen exponential growth in recent years1 in tandem 
with the rise of Deep Learning and the creation of large scale datasets for 
training [10, 22, 33, 40, 51]. Although historically the focus has been on developing 
algorithms and techniques to help machines recognize and respond to human 
emotion, these technologies are underpinned by models in psychology. This is 
important to understand when transitioning to real-world settings as ultimately a 
machine-learning model is limited by the usefulness of the underlying emotion 
model. For example, Ekman’s universal basic emotions [24] has long been the 
dominant model used for comparison in this field. In a lab setting, this has several 
benefits such as its ease of use and cross-cultural relevance. However, given it only 
consists of 7 emotions, this narrow coverage makes it difficult to develop real-world 
applications with high enough fidelity to accurately describe the wide variety of 
emotional states that humans present. 

1 Over 14,000 emotion recognition papers since 2010 according to IEEE Xplore. 
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